Introduction {#sec1-1}
============

Acute leukaemia is most common malignancy in childhood (Hunger et al., 2013; Hashemi et al., 2016). Acute lymphoblastic leukaemia (ALL) is more common than acute myeloid leukaemia -- Teshnizi and colleague had shown in their study that more than 83% from leukaemia patients have ALL (Teshnizi and Ayatollahi, 2015; Hosseini Teshnizi and Taghi Ayatollahi, 2017). The most frequent ALL subtype is B cell precursor leukaemia (Urayama et al., 2013).

Despite numerous studies very little is still known about the aetiology of ALL. (Nousome et al., 2013). Less than 5% of ALL cases are connected to genetic syndromes (Pui et al., 2008). Translocation between the chromosomes 12 and 21 encoding ETV6/RUNX1 -- fusion gene is the most common chromosomal abnormality detected in 20-25% of childhood ALL cases (Inaba et al., 2013), but previous studies had shown that rearrangement of this fusion gene alone is insufficient to cause leukaemogenesis (Zakaria et al., 2017). Newest studies had shown that allelic variants in the microRNA coding genes have effects on the function of miRNA and contribute to cancer susceptibility, but still further research is needed to investigate miRNA role in the ALL pathogenesis (Rakmanee et al., 2017).

There have been several genome wide association studies conducted to identify the possible genetic risk factors. In one of the studies two allelic variations rs10821936 and rs10994982 were identified as possible ALL risk alleles which are localized in *ARID5B* gene's 3rd intron (Trevino et al., 2009). The association between *ARID5B* gene variants and ALL risk has also been confirmed for different ethnic groups (Gutierrez-Camino et al., 2013; Guo et al., 2014).

The aim of this study was to perform an extensive analysis of the *ARID5B* gene 3rd intron genetic variations association with ALL in Latvian children population.

Materials and Methods {#sec1-2}
=====================

Patients {#sec2-1}
--------

Patients, diagnosed with acute B cell precursor lymphoblastic leukaemia in the time period of ten years in the Children's Clinical University Hospital were included in this study. Study was carried out in accordance with Helsinki declaration, prior to enrolment individuals signed an informed consent. If an individual was a minor at the time of biological material collection, one or both of the biological parents signed informed consent forms in accordance with Latvian Central Ethics Committee approval. Patient group consisted of 77 patients DNA and in 50 cases DNA samples of both biological parents were available. Control group consisted of 122 DNA samples of individuals without leukaemia and was age and sex matched to the patient group. Parents of the control group individuals at the time of the sample collection had signed the informed consent form in which was stated, that these samples could be used without limitations, accordingly to the researchers discretion.

Genomic DNA Extraction and genotyping {#sec2-2}
-------------------------------------

Peripheral blood from the patients in complete remission and their biological parents and controls was used for DNA extraction. DNA isolation was performed using standard phenol/chloroform method (John et al., 1991).

Eight genetic variants in the gene *ARID5B* (OMIM \# 608538) were genotyped -- rs10994982, rs7908445, rs7923074, rs10821936, rs10821937, rs7896246, rs10821938 and rs7089424, variants were selected based on literature data SNPs which had MAF \>5% and were in the closest localization to rs10821936. Genotyping of rs10821937, rs10821938 and rs10994982 was performed using polymerase chain reaction -- restriction fragment length polymorphism (PCR-RFLP) analysis, primer sequences (Metabion, Germany) and restriction enzymes (Thermo Fisher, USA) used for the PCR-RFLP assay are shown in the [Table 1](#T1){ref-type="table"}. Genotyping of rs7908445, rs7923074, rs10821936, rs7896246 and rs7089424 was performed by Sanger sequencing reactions using Big Dye 3.0 Terminator kit according to the manufacturer protocol (Thermo Fisher, USA) primer sequences shown in [Table 1](#T1){ref-type="table"}.

###### 

Primer Sequencies with Annealing Temperatures and Restriction Enzymes Used in PCR-RFLP Assay

  ----------------------------------------------------------------------------------------------------------------------------
  Gene's allelic variation(\#db SNP)   Primer sequence                       Annealing temperature, ToC   Restriction enzyme
  ------------------------------------ ------------------------------------- ---------------------------- --------------------
  rs10821937                           F 5' AAA ACA TTG CCA GGA TCT GC 3'\   60                           Eco81I
                                       R 5' TAA ATA GCT GCT GCC CCA TC 3'                                 

                                                                                                          

  rs10821938                           F 5' TGG TGC TTT GGG GTA GTT TT 3'\   59                           BstxI
                                       R 5' AAA AAT ACC CTG CCC CTT TG 3'                                 

                                                                                                          

  rs10994982                           F 5' CTC TTG AAC TCC TGG CCT CA 3'\   60                           SatI
                                       R 5' GCG TCA CCA AAC TCA GCT AA 3'                                 

                                                                                                          

  rs7908445\                           F 5'CAG TGA GAG CGA GAC TGC AC 3'\    60                           \-
  rs7923074\                           R 5' TCC TGG CAA TGT TTT TCA CA 3'                                 
  rs10821936                                                                                              

                                                                                                          

  rs7896246                            F 5'GAG GCC ATT CTA GTG CGT TC 3'\    60                           \-
                                       R 5'ACT ACC CCA AAG CAC CAT TG 3'                                  

                                                                                                          

  rs7089424                            F 5' GGC CAT GAA GTC TCA CCT GT 3'\   60                           \-
                                       R 5'TTT CAA ACC CAA AAC CAA GG 3'                                  

                                                                                                          
  ----------------------------------------------------------------------------------------------------------------------------

SNP, single nucleotide polymorphism

Statistical Analysis {#sec2-3}
--------------------

Study data was analysed, using descriptive and analytical statistical methods.

Statistical analysis in the control group and family study model for analysing the possible allelic variation association with ALL was performed, using the PLINK 1.07 software (Purcell et al., 2007), correction by sex was performed.

For case control and family study model statistical result gathering, and for increasing the statistical confidence in these results, a hybrid analysis was used, in which analysis was performed, using the R software, Haplin package, which is based on a log-linear model, and if necessary, uses -- expectation--maximization algorithm for haplotype reconstruction (Gjessing and Lie, 2006; Hosseini Teshnizi and Taghi Ayatollahi, 2017).

Results {#sec1-3}
=======

In total we analysed eight allelic variations, localized in the *ARID5B* gene's 3rd intron, whose MAF \> 5%. All allelic variation genotype distribution matched Hardy-Weinberg equilibrium.

Six out of the eight analysed allelic variations in case-control analysis were identified as statistically significant risk alleles for ALL development. After correction for sex the results remained significant. Analysing allele frequency by sex, it has been found, that the risk allele was statistically significantly more frequent in boys than girls. The case-control allele association analysis is shown in the [Table 2](#T2){ref-type="table"}.

###### 

Case- Control Analysis of the Gene *ARID5B* 3^rd^ Intron Variants

  Gene's allelic variation (\#db SNP)   Minor allele   MAF in patient group   MAF in control group   p value   OR (CI 95%)
  ------------------------------------- -------------- ---------------------- ---------------------- --------- ------------------
  rs10994982                            A              0.51                   0.41                   0.054     1.5 (0.99-2.26)
  rs7908445                             T              0.43                   0.32                   0.022     1.63 (1.07-2.47)
  rs7923074                             A              0.44                   0.32                   0.016     1.67 (1.1-2.54)
  rs10821936                            C              0.34                   0.24                   0.027     1.65 (1.05-2.56)
  rs10821937                            C              0.34                   0.23                   0.018     1.7 (1.09-2.68)
  rs7896246                             A              0.34                   0.23                   0.018     1.7 (1.09-2.68)
  rs10821938                            A              0.47                   0.38                   0.074     1.45 (0.96-2.18)
  rs7089424                             G              0.34                   0.23                   0.018     1.7 (1.09-2.68)

MAF, minor allele frequency; OR, odds ratio; CI, confidence interval

Evaluating the allelic variations' association with the risk of ALL development in the family study, all analysed allelic variations were statistically significantly associated to ALL development. Results are shown in [Table 3](#T3){ref-type="table"}.

###### 

Family (Trio) Analysis of Variations Located in 3^rd^ Intron of Gene *ARID5B*

  Gene's allelic variations (\#db SNP)   OR (CI 95%)         p value
  -------------------------------------- ------------------- ---------
  rs7908445                              2.53 (1.39-4.61)    0.002
  rs7923074                              2.79 (1.51-5.13)    0.0006
  rs10821936                             2.62 (1.38 -4.96)   0.002
  rs10821937                             3.18 (1.62-6.27)    0.0004
  rs7896246                              2.9 (1.41-5.95)     0.002
  rs10821938                             1.91 (1.12- 3.230   0.015
  rs7089424                              3 (1.56-5.77)       0.0005
  rs10994982                             1.88 (1.05-3.39)    0.032

OR, odds ratio; CI, confidence interval

For enforcing the statistical confidence of these results, both study models -- case control and patient-parent trio studies were unified by hybridmethod (Gjessing and Lie, 2006; Jugessur et al., 2009). Results are shown in [Table 4](#T4){ref-type="table"}.

###### 

Hybrid Analysis of Variants Located in 3^rd^ Intron of Gene *ARID5B*

               One risk allele in genotype   Two risk alleles in genotype                      
  ------------ ----------------------------- ------------------------------ ------------------ --------
  rs7908445    1.26 (0.72-2.21)              0.416                          3.35 (1.58-7.01)   0.002
  rs7923074    1.37 (0.78-2.4)               0.279                          3.57 (1.67-7.55)   0.001
  rs10821936   1.16 (0.66-2.04)              0.6                            4.61 (2.07-10.1)   0.0004
  rs10821937   1.35 (0.76-2.35)              0.312                          5.29 (2.32-11.9)   0.0002
  rs7896246    1.26 (0.72-2.18)              0.43                           3.96 (1.73-8.93)   0.002
  rs10821938   1.21 (0.69-2.13)              0.503                          2.33 (1.08- 4.8)   0.031
  rs7089424    1.32 (0.74-2.31)              0.338                          5.11 (2.23-11.4)   0.0002
  rs10994982   1.3 (0.71-2.33)               0.384                          2.43 (1.14-5.13)   0.024

SNP, single nucleotide polymorphism; RR, relative risk; CI, confidence interval

The possible risk haplotypes were analysed in both study models -- case-control and family study. The haplotype composed from analysed variations in case control group which showed statistical significance was rs10994982/rs7908445/rs7923074/ rs10821936/rs10821937/rs7896246/rs10821938/rs7089424 -- ATACCAAG -- frequency in cases 0.17, in control group 0.29 (chi square = 6.69, p value = 0.009). In family association study the same haplotype showed statistical significance (chi square = 10.29, p value = 0.001).

Analysing patients' variations genotypes and haplotypes, who were hyperdiploid in comparison with patients who were not, haplotype rs10994982/rs7908445/rs7923074/rs10821936/rs10821937/rs7896246/rs10821938/rs7089424 -- ATATTGAT -- was statistically significantly more frequent in hyperdiploid group comparing with non-hyperdiploid -- 0.13 and 0.02, respectively, chi square = 4.35, p value = 0.037.

Discussion {#sec1-4}
==========

Acute leukaemia is the most common malignant disorder in children (Tharnprisan et al., 2013). Its aetiology is still not fully explored, it is considered as a multifactorial disease in its development genetic predisposition and environmental factors interaction plays a great role (Yan et al., 2014). In this study, for the first time in Latvian population variants in gene *ARID5B* intron 3rd were analysed in association with acute B precursor cell leukaemia.

Gene *ARID5B* function still is not fully clear, after previous research it is known that the gene belongs to a family of transcription factors and play an important role in embryonic development, cell type-specific gene expression and cell growth regulation (Trevino et al., 2009). Analysed allelic variants previously described extensive genome association studies, in addition to included allelic variants of the gene *ARID5B* 3rd intron because it is described as a "hot spot" in relation to the risk of developing ALL (Gutierrez-Camino et al., 2013). Later, the results replicated in different populations including our study -- Latvian paediatric population. The most frequently reported variants rs10821936, rs10994982 and rs7089424 were identified in extensive genome association studies (Papaemmanuil et al., 2009; Trevino et al., 2009). Also data about rs10821938 (Vijayakrishnan et al., 2010), rs7896246 and rs7923074 (Xu et al., 2012) association with ALL was reported.

According to current information, this is the first study which demonstrated allelic variants rs10821937 and rs7908445 association with the risk of developing ALL. In contrast to other published studies our study did not show statistically significant association between rs1099498, rs10821938 and ALL even after correction for sex, for example correction for sex in Yemeni children showed more marked association in females (Linabery et al., 2013; Al-Absi et al., 2017). There are studies whose results coincide with the results of our study that the risk allele frequency is higher for male sex (Healy et al., 2010).

Similar to previously published articles variants which showed strongest association with leukaemia development were rs10821936 and rs7089424 (Bhandari et al., 2016) and additionally rs10821937, which has not been described before.

The literature describes the allelic variant rs10821936 C allele association with hyperdiploidy (Trevino et al., 2009). In the haplotype analysis performed in our study was observed that the T allele is more common in individuals who have not been observed hyperdiploidy which is in concordance with the published data.

There were some limitations of our study, the sample collection was launched, when already nine previously diagnosed patients had died, which reduced the number of patients included, and could affect the reliability of the results. The biggest limitation of the study was the limited number of patients, although only seven patients (or their parents) refused to participate in the study, representing 8.33% of the survey during the life of existing and without bone marrow transplant, despite the small percentage of the total population, these patients had a long event-free period, and this fact could affect the reliability of the results related to relapse and mortality in association with genetic variations. However, the study did not include the proportion of patients who had died and who had long-term relapse, thus we can make the assumption that this factor in the effect to the results of the research is irrelevant. The study included Latvian citizens, but patients were not divided by nationality. Children often had not detectable membership of a particular nationality, some were from mixed families, father of one child included in the study was Mexican, in the second family father was Egyptian. This factor could affect the results, in particular the analysis of allelic variants, which are characterized by different incidences among populations.

Another factor which complicates the assessment of results is the absence of available research data on the allelic variant of the incidence and possible association with risk of developing ALL in Estonia and Lithuania, which are immediate neighbours of Latvia.

Analysing allelic variants in case-control study and family-trio study results did not differ significantly. According to the literature data family study model has greater statistical significance for rare diseases in comparison to case-control model (De et al., 2013), although nowadays more and more literature suggests haplotype analysis a combination of both models in order to increase the statistical power (Wen and Tsai, 2014), which was done in this study.

Results of the study replicate previously published results of gene *ARID5B* localized allelic variants as well as previously not studied variant association with ALL risk, but do not explain the mechanism of action of these allelic variants that could be related to the pathogenesis of ALL.
